The genus Methylibium, placed phylogenetically in the class Betaproteobacteria with an uncertain position in the order Burkholderiales (http://www.ncbi.nlm.nih.gov/sites/ entrez?db=taxonomy), was proposed to contain Methylibium petroleiphilum LMG 22953 T . Since then, three further species have been added to the genus, Methylibium fulvum (Yoon et al., 2007) , M. aquaticum (Song & Cho, 2007) and M. subsaxonicum (Stackebrandt et al., 2008) , spanning a 16S rRNA gene sequence divergence of about 5 %. The phylogenetically closest genus to Methylibium is Rhizobacter, accommodating Rhizobacter daucus (Goto & Kuwata, 1988) , later corrected to Rhizobacter dauci (Trüper & de' Clari, 1998) . In the absence of phylogenetic and chemotaxonomic evidence, the genus was placed in the family Pseudomonadaceae. This affiliation was restated in the 2nd edition of Bergey's Manual of Systematic Bacteriology (Goto, 2005) . In March 2007, the almost-complete 16S rRNA gene sequence of R. dauci H6 T (5ATCC 43778 T ) was submitted to the EMBL/ GenBank/DDBJ databases (Y. Takikawa and H. Kawada; unpublished GenBank accession number AB297965). Phylogenetic analysis indicates that R. dauci is not a member of the Gammaproteobacteria. In fact, R. dauci ATCC 43778
T falls within the phylogenetic radiation of the genus Methylibium (Stackebrandt et al., 2008) . R. dauci ATCC 43778
T is highly related to M. fulvum Gsoil 322 T , sharing 99.5 % 16S rRNA gene sequence similarity. The authors who described the latter species (Song & Cho, 2007) may have not been aware of the close relatedness between these two species, as the 16S rRNA gene sequence of R. dauci was released while the manuscript that proposed M. fulvum was under review. It is interesting to IP: 54.70.40.11
On: Mon, 17 Dec 2018 22: 05:42 note that the sequence of M. fulvum Gsoil 322 T (GenBank accession number AB245356; Yoon et al., 2007) was first deposited as a sequence of 'Panaciterramonas fulva', indicating that the authors originally considered separate generic status for the species represented by strain Gsoil 322 T .
The topology of a 16S rRNA gene sequence-based dendrogram embracing R. dauci, members of Methylibium and related genera (Stackebrandt et al., 2008) was originally based only upon a least-squares algorithm (De Soete, 1983) , but is fully confirmed when either neighbour-joining or maximum-likelihood analyses (Felsenstein, 1993) were applied to the same dataset. These algorithms are elements of the ARB program (Ludwig et al., 2004) . For the purpose of this study, the 16S rRNA gene of the type strain DSM 11587 T of R. dauci was sequenced and compared with that of strain ATCC 43778 T . It is important to point out that the phylogenetic branch of the Betaproteobacteria that contains members of the genera Rhizobacter and Methylibium is monophyletic (Fig. 1) ; the two genera never appear as sister clades, showing none of the type strains of the four Methylibium species to be monophyletic.
Notwithstanding phenotypic similarities and differences, the branching point of R. dauci within the radiation of Methylibium species and, above all, the close relatedness with M. fulvum constitute a taxonomic problem for which different solutions can be discussed. Firstly, all members of the two genera are actually members of the same genus (option A in Fig. 1 ), for which, according to Rule 44 of the International Code of Nomenclature of Bacteria (Lapage et al., 1992) , the name Rhizobacter has priority on the basis that the name is associated with the type species having the earliest legitimate name (Goto & Kuwata, 1988) . If this option is ruled out on the basis of significant differences of taxonomic value, the genus Methylibium would have to be dissected: if the type species of Methylibium, M. petroleiphilum, is transferred together with M. fulvum to the genus Rhizobacter (option B in Fig. 1 ), the species M. subsaxonicum and M. aquaticum would be left without a generic home (Rule 37a). The phylogenetic distinctness would allow their classification as the type species of two novel genera. Following either the transfer of M. fulvum to Rhizobacter or its reclassification within a new genus, the three independent monophyletic lineages of M. petroleiphilum, M. subsaxonicum and M. aquaticum would deserve genus status: the status of M. petroleiphilum would remain unaffected, requiring the transfer of the remaining two species as depicted under option C (Fig. 1) . In order to address which of these options is supported by taxonomic data, we investigated salient chemotaxonomic properties, conventionally used in the delineation of proteobacterial genera.
In order to study the composition of fatty acids, polyamines and polar lipids, the type strains of Methylibium species and R. dauci were grown on R2A medium (Difco); these strains failed to grow on tryptic soy broth agar (TSBA), the medium recommended by the standard protocol of the Microbial Identification System (Stackebrandt et al., 2008) . Fatty acids were analysed as methyl ester derivatives prepared from 10 mg dry cell material. Cells were subjected to differential hydrolysis to detect ester-linked and non-ester-linked (amide-bound) fatty acids (Labrenz et al., 1998) . Fatty acid methyl esters were analysed by GC using a 0.2 mm 6 25 m non-polar capillary column and flame-ionization detection under conditions as follows: injection and detector port temperature, 300 u C; inlet pressure, 60 kPa; split ratio, 50 : 1; injection volume, 1 ml; temperature program, 130-310 u C at a rate of 4 u C min -1 . Extracts were analysed by using a Hewlett Packard model HP6890A gas chromatograph equipped with a flame-ionization detector as described by Kämpfer & Kroppenstedt (1996) . Analysis of fatty acid methyl esters was done by the Sherlock MIDI system (Sasser, 1990) . Polar lipids were separated by two-dimensional, silica-gel TLC; total lipid material and specific functional groups were detected using dodecamolybdophosphoric acid (total Fig. 1 . Neighbour-joining 16S rRNA gene sequence-based tree of members of Methylibium and Rhizobacter and their closest phylogenetic neighbours, represented by Aquabacterium species. The topology is identical using the least-squares algorithm of De Soete (1983) and the maximum-likelihood algorithm of Felsenstein (1981) (not shown). Bootstrap values (percentages of 500 resamplings) were calculated according to Felsenstein (1985) . Bar, 1 % sequence divergence, as determined by measuring the length of the horizontal lines connecting any two species. Options A-C refer to different taxonomic affiliations discussed in the text. lipids), Zinzadze reagent (phosphate), ninhydrin (free amino groups), periodate-Schiff (a-glycols), Dragendorff reagent (quaternary nitrogen) and anisaldehyde-sulfuric acid (glycolipids) as described previously (Tindall, 1990a, b) . Polyamines were extracted as described by Busse & Auling (1988) and analysed according to Stolz et al. (2007) .
No information on the fatty acid composition is available for R. dauci DSM 11587 T (5ATCC 43778 T ) and neither polar lipids nor polyamines have been described for any of the strains included in this study. With respect to major components, the published fatty acid compositions agree generally with the data provided in Supplementary All strains showed polyamine patterns characteristic of betaproteobacteria, with 2-hydroxyputrescine and putrescine constituting the major compounds, representing between 70.5 and 99.1 % of the total (Auling et al., 1991; Busse & Auling, 1988; Hamana & Takeuchi, 1998; Hamana et al., 2007; Kämpfer et al., 2008) (Supplementary Table  S2 ). M. subsaxonicum DSM 19915
T contains large amounts of cadaverine. Except for this finding, other polyamines such as cadaverine, spermidine, sym-homospermidine and spermine were detected in smaller amounts, ranging from 0.1 to 4.3 mmol (g dry weight)
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. Differences in the polyamine patterns suggest that each of the five species is characterized by a unique polyamine pattern. Besides the large amount of cadaverine in M. subsaxonicum DSM 19915
T contains a very high content of putrescine and M. petroleiphilum LMG 22953
T is characterized by a moderate amount of cadaverine while, in M. fulvum DSM 19916 T , the content of 2-hydroxyputrescine was significantly higher than in the other strains. However, not too much emphasis should be given to the varying contents of putrescine and 2-hydroxyputrescine, because it has been demonstrated for Burkholderia cepacia, another member of the Betaproteobacteria, that the content of these diamines is heavily dependent on the growth phase at which the cells are harvested for polyamine analysis (Busse & Auling, 1988) . T and R. dauci DSM 11587
T were more similar than those of any other strain pair.
Though conventionally used in the differentiation of species rather than at the genus level, some metabolic characters were analysed for the five type strains to find support for conclusions about taxon affiliation based on chemotaxonomic evidence. Physiological and biochemical tests were performed at 28 u C using API 20NE strips (bioMérieux) and Biolog GN2 microplates according to the manufacturers' instructions; utilization reactions were observed for 4 days. Methanol and ethanol utilization was tested according to Stackebrandt et al. (2008) . All tests were inoculated with cells grown on R2A medium (Difco). Wells showing a photometric value of 15-49 % and .50 % of the highest photometric value reached for any substrate by each individual strain were respectively scored as weakly positive and positive. The methods used to study metabolic properties in the original publications describing these species varied significantly and, until now, only M. subsaxonicum and M. petroleiphilum had been included in the same comparative study. Comparison of published data with those listed in Table 1 shows some significant differences. For example, methanol assimilation was scored as positive for M. aquaticum IMCC1728 T and M. fulvum Gsoil 322
T in previous investigations, while the corresponding DSM strains scored negative; urease hydrolysis was found to be positive and negative, respectively, in M. fulvum Gsoil 322 T and M. aquaticum IMCC1728 T , while the reactions were respectively negative and weak for the equivalent DSM strains. As metabolic reactions may depend upon growth and cultivation conditions, differences are known to occur. For the purpose of this study, we will only take into account results obtained under the same conditions. M. subsaxonicum and M. aquaticum are nonmotile. The use of methanol and ethanol is a key property of M. petroleiphilum. Nitrate is reduced by M. subsaxonicum and M. fulvum only. Pairwise similarities of 35 metabolic properties (weak reactions scored as positive) indicates that between one and 11 reactions are shared by any strain pair. The similarities do not correlate with phylogenetic similarities, e.g. R. dauci DSM 11587
T has 11 positive reactions in common with M. aquaticum DSM 19915 T , but shares only three with its phylogenetically nearest neighbour M. fulvum DSM 19916
T . 
Dissection of the genus Methylibium

Taxonomic conclusions
The phylogenetic position and the presence of 2-hydroxyputrescine and ubiquinone Q-8 in all members of Methylibium and in R. dauci confirm their membership of the class Betaproteobacteria. However, differences in other chemotaxonomic properties confirm the phylogenetic separateness of members of the genus Methylibium. All strains exhibit a distinct fatty acid pattern. Compared with M. fulvum and R. dauci, the type strains of the three other Methylibium species possess larger amounts of C 16 : 1 v7c and/or iso-C 15 : 0 2-OH and smaller amounts of C 16 : 0 fatty acids. All strains exhibit distinct compositions of both polar lipids and polyamines: the main components are present, but qualitative and quantitative differences characterize each type strain. These chemotaxonomic differences extend to the lack of common morphological and metabolic properties. In conclusion, the lack of genusspecific chemotaxonomic similarities in concert with phylogenetic evidence (less than 98.0 % 16S rRNA gene sequence similarities among themselves and other type strains investigated in this study) allow us to propose generic status for the species M. aquaticum and M. subsaxonicum.
Based upon distinct chemotaxonomic similarities, M. fulvum should be reclassified as a member of Rhizobacter.
The high 16S rRNA gene sequence similarity of .99 % found between R. dauci DSM 11587 T and M. fulvum DSM 19916
T required the assessment of DNA-DNA reassociation (Stackebrandt & Ebers, 2006) . Following the method cited in Muurholm et al. (2007) , relatedness values of 9.3 and 10.3 % indicated clear genomic differences that support the chemotaxonomic and metabolic evidence of species status for M. fulvum. Though R. dauci and M. fulvum, like other species investigated in this study, differ from each other in habitat, morphological and metabolic properties, chemotaxonomic evidence (presence of PL1 and PN1 polar lipids, fatty acid composition) in addition to the high phylogenetic relatedness allows us to classify M. fulvum as a species of Rhizobacter instead of creating a new genus.
It is therefore proposed to reclassify Methylibium aquaticum as Piscinibacter aquaticus gen. nov., comb. nov., Methylibium subsaxonicum as Rivibacter subsaxonicus gen. nov., comb. nov. and Methylibium fulvum as Rhizobacter fulvus comb. nov., following option C of Fig. 1 . Table 2 summarizes the differences between these genera in comparison with Aquabacterium commune, a representative of the neighbouring genus (Stackebrandt et al., 2008; Song & Cho, 2007; Yoon et al., 2007) (Fig. 1) . The dissection of Methylibium and the provision of new data make it necessary to emend the descriptions of the genera Methylibium and Rhizobacter and all their species.
Description of Piscinibacter gen. nov.
Piscinibacter (Pi.sci9ni.bac9ter. L. fem. n. piscina a pond, cistern, tank, reservoir; N.L. masc. n. bacter a rod; N.L. masc. n. Piscinibacter a rod from a pond).
The description is taken from the species description of Methylibium aquaticum (Song & Cho, 2007) , supplemented with data from this study. Gram-negative and nonmotile. Growth occurs at 15-42 u C and pH 6-10 and in 0-1 % NaCl; optimal growth is observed at 30 u C, pH 7.0 and in the absence of NaCl. Catalase-negative and oxidasepositive. Chemoheterotrophic and facultatively aerobic; anaerobic growth is much slower than aerobic growth. Nitrate reduction is negative. The major quinone type is Q-8. The major cellular fatty acids are C 16 : 1 v7c and/or iso- The description is based on that given for Methylibium aquaticum (Song & Cho, 2007) , supplemented with our own data. In addition to characters that define the genus, it has the following characteristics. Table 1 for negative reactions). Assimilation of methanol depends on the test system used. The cellular fatty acid composition of the type strain is listed in Supplementary Table S1 . Susceptible to (mg) chloramphenicol (25), erythromycin (15), streptomycin (10), gentamicin (10), kanamycin (30), penicillin G (10) and vancomycin (30). Resistant to (mg) ampicillin (10), rifampicin (50) and tetracycline (30).
The type strain, IMCC1728 T 5KCCM 42364 T 5NBRC 102349 T 5DSM 19915 T , was isolated from an artificial freshwater pond located inside Inha University, Incheon, Korea.
Description of Rivibacter gen. nov.
Rivibacter (Ri9vi.bac9ter. L. masc. n. rivus creek or small river, N.L. masc. n. bacter rod, N.L. masc. n. Rivibacter rod from a small river).
The description is based on data taken from the description of Methylibium subsaxonicum (Stackebrandt et al., 2008) supplemented with recent data. Gram-negative and nonmotile. Cells in the exponential phase are short rods, 0.4-0.661.4-1.8 mm. Grow at 10-30 u C, with optimum growth at 25-28 uC. No growth at 5 or 40 uC; growth at 35 u C is sparse. Oxidase-and catalase-positive. pH range for growth is 7.0-9.0; optimal growth at pH 8.4-8.9 after 2 days of growth at 25 u C in R2A. Up to 0.6 % NaCl in R2A is tolerated for growth. Aerobic. Nitrate reduction is positive. Methanol and ethanol are not utilized. The major quinone type is Q-8. The major cellular fatty acids are C 16 : 1 v7c and/or iso-C 15 : 0 2-OH and C 16 : 0 ; C 12 : 0 2-OH fatty acid is absent, while C 12 : 0 3-OH is present. Major polyamines are 2-hydroxyputrescine and putrescine. Major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine; two unidentified aminolipids are present. On the basis of 16S rRNA gene sequence comparison, the genus is a member of the order Burkholderiales, having Aquabacterium, Methylibium, Piscinibacter and Rhizobacter as its closest neighbours. The DNA G+C content of the type strain of the type species is 69 mol% (HPLC). The type species is Rivibacter subsaxonicus.
Description of Rivibacter subsaxonicus comb. nov.
Rivibacter subsaxonicus (sub.sa.xo9ni.cus. L. prep. sub low/ below/under, L. masc. adj. saxonicus pertaining to Saxony, N.L. masc. adj. subsaxonicus pertaining to Lower Saxony, a state of the Federal Republic of Germany).
Basonym: Methylibium subsaxonicum Stackebrandt et al.
2008.
The description is based on that given for Methylibium subsaxonicum (Stackebrandt et al., 2008) . The etymology has been changed from the original description (N.L. masc. adj. subsaxonicus a bacterium originating from the German state of Lower Saxony). In addition to the properties of the genus, the following properties characterize the species. Colonies on R2A agar are 1 mm in diameter and whitish. Assimilation of D-glucose, methylpyruvate, c-hydroxybutyric acid and a-ketoglutaric acid is weak. The sugars and polysaccharides provided by the API 20NE and API 20 E substrate panels are not fermented. Of the substrates provided by the Biolog GN microplate, D-glucose, DL-lactic acid, monomethyl succinate, succinamic acid, L-proline, uraconic acid, b-hydroxybutyric acid, c-hydroxybutyric acid and a-ketobutyric acid are assimilated. Hydrolysis of starch is strong, while that of beechwood xylan and wheat arabinoxylan is weak; negative for cellulose hydrolysis. The cellular fatty acid profile of the type strain is listed in Supplementary Table S1 . Sensitive (inhibition zones .30 mm) to (per disc) penicillin G (10 IU), ampicillin (10 mg), ticarcillin (75 mg), mezlocillin (30 mg), cefatolin (30 mg), cefotaxime (30 mg), imipenem (10 mg), tetracycline (30 mg), chloramphenicol (30 mg), erythromycin (15 mg), ofloxaxin (5 mg), norfloxacin (10 mg) and doxycycline (30 mg). Inhibition zones of 10-30 mm are observed for polymyxin B (300 IU), kanamycin (30 mg), neomycin (30 mg), gentamicin (10 mg), vancomycin (30 mg) and pipemidic acid (10 mg). Resistant to oxacillin (5 mg), aztreonam (30 mg), lincomycin (15 mg) and bacitracin (10 IE).
The type strain, BF49
T (5DSM 19570 T 5CIP 109700 T ), was isolated from a biofilm of a tufa deposit in the Westerhöfer rivulet, near Westerhof, Lower Saxony, Germany (51 u 459 490 N 10 u 059 31.70 E).
Emended description of the genus Rhizobacter Goto and Kuwata 1988
Straight to slightly curved, non-spore-forming, uncapsulated, Gram-negative rods. Motile with polar flagella or lateral flagella or both. Poly-b-hydroxybutyrate granules are formed. Chemo-organotrophic. Aerobic with respiratory metabolism of glucose. Utilize D-glucose as a sole source of carbon and energy. White or yellowish white, depending on the growth medium used (see species descriptions). Oxidase-positive, catalase-variable. Do not require NaCl. The major quinone type is Q-8. The major cellular fatty acids are C 16 : 1 v7c and/or iso-C 15 : 0 2-OH and C 16 : 0 ; C 12 : 0 2-OH fatty acid is absent while C 12 : 0 3-OH is present. Major polyamines are 2-hydroxyputrescine and putrescine; cadaverine and spermine are present as minor compounds and spermidine may be present in small amounts. Major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine; one unidentified aminolipid and one or two unidentified aminophospholipids are present. On the basis of 16S rRNA gene sequence comparison, the genus is a member of the order Burkholderiales, having Aquabacterium, Methylibium and Piscinibacter as its closest neighbours. The G+C content of the DNA is 66-71 mol%. The type species is Rhizobacter dauci Goto and Kuwata 1988.
Emended description of Rhizobacter dauci Goto and Kuwata 1988
The emended description is based on the original description of Goto & Kuwata (1988) supplemented with our own data. Displays the following properties in addition to those given in the emended genus description. Cells are 0.9-1.362.1-2.5 mm, with rounded ends. Usually, a small number of cells in a population are motile with polar flagella or lateral flagella or both. Pseudo-oligotrophic. Forms tough, white, plicated colonies on potato-peptoneglucose agar plates, but yellowish-white colonies on diluted yeast extract-peptone-glucose agar plates. Forms copious flocs consisting of globular cell aggregates in liquid media. Aerobic with respiratory metabolism of glucose. Positive for production of urease, lipase (Tween 80 The description is based on that given for Methylibium fulvum (Yoon et al., 2007) . Displays the following properties in addition to those given in the emended genus description. Cells are motile by means of a single polar flagellum. The description of the genus was emended by Yoon et al. (2007) to omit the hydrolysis of urea. With the transfer of Methylibium fulvum to the genus Rhizobacter, the description of Methylibium is as defined by Nakatsu et al. (2006) supplemented with our own data as follows. Cells are motile, Gram-negative, straight rods. Oxidase-positive. Negative for gelatinase and catalase. Hydrolyse urea and reduce nitrate to nitrite. Cells possess poly-b-hydroxybutyrate granules as a storage material and reproduce by binary fission. Growth occurs heterotrophically under aerobic conditions. Facultative methylotrophs, able to use methanol as a sole carbon source in addition to a variety of other, more complex carbon sources. The major quinone is Q-8. The major cellular fatty acids are C 16 : 1 v7c and/or iso-C 15 : 0 2-OH and C 16 : 0 ; C 12 : 0 2-OH and C 12 : 0 3-OH are present. Major polyamines are 2-hydroxyputrescine and putrescine; cadaverine and spermine are present as minor compounds. Major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine; one unidentified aminolipid is present. On the basis of 16S rRNA gene sequence comparison, the genus belongs to the class Betaproteobacteria, order Burkholderiales, having Aquabacterium, Methylibium, Rhizobacter and Piscinibacter as its nearest neighbours. The DNA G+C content of the type strain of the type species is 69 mol% (HPLC). The type species is Methylibium petroleiphilum.
Emended description of Methylibium petroleiphilum Nakatsu et al. 2006 Exhibits the following properties in addition to those given in the emended genus description. Colonies are cream in colour under conditions suitable for methyl-tert-butyl ester (MTBE) degradation. Grows well heterotrophically in media containing ethanol, methanol, toluene, benzene, ethylbenzene and dihydroxybenzoates as the sole carbon source. Additional reactions are listed in Table 1 . Vitamins are not required for growth. Optimum pH and temperature for growth are pH 6.5 and 30 u C. Does not grow at 37 u C. The cellular fatty acid profile of the type strain is listed in Supplementary Table S1 . The genome size is 4.6 Mb (http://genome.jgi-psf.org/finished_microbes/ metpe/metpe.home.html). The only known strain was isolated from a subsurface environment highly contaminated with MTBE.
The type strain is PM1
T (5ATCC BAA-1232 T 5LMG 22953 T ), isolated from a mixed bacterial culture enriched using a bench-scale biofilter inoculated with some solid support material from a compost biofilter located at the Los Angeles County Joint Water Pollution Control Plant (Carson, CA, USA).
